Abstract-The detection of intermittent chaos is an important embranchment of detection of weak signal based on chaos oscillator, which is used to detect the frequency of the signal. In this paper, a method of intermittent chaos detection based on the two-oscillator-difference is put forward. The validity of this method is proved by the computer simulation test. By using this method, the range of |Δω/ω| which can be detected by intermittent chaos is extended.
INTRODUCTION
In the 90's of 20th century, the method of detection of week signal by using chaos oscillator is proposed by Donald L.Birx [1] . Thereby, the detection of week signal that inundated in the powerful noise becomes probability, and a new application of chaos oscillator in engineering is inaugurated [2] .
In the field of signal detection using chaos, the Duffing oscillator is one of the oscillators which are studied sufficiently. The intermittent chaos appearance can be used to detect the frequency of the signal which has a little deference in frequency with the driving power of the chaos oscillator. When the absolute value of the deference is less then 3% of the frequency of the driving power, the intermittent chaos is clear [3] . By detecting the frequency of the intermittent chaos, the frequency of the week signal can be detected.
When the absolute value of the deference is more then 3% of the frequency of the driving power, the appearance of intermittent chaos also exist, but the frequency of the alternation of the condition of the phase space is high [4] . It is hard to detect a high frequency intermittent chaos by now available methods.
A method of detection of intermittent chaos is put forward by reference [5] , and the frequency of the signal can be calculated by using this method. But this method relies on the filtering result of the x output of the chaos oscillator. In the condition of high frequency intermittent chaos, the filter also can't show the intermittent chaos clearly, so it can't breakthrough the limit that the deference of the frequency of the signal and the driving power may less then 3% of the driving power.
In this paper, a new method of intermittent chaos detection based on two duffing oscillator deference is put forward. By using this method, the absolute value of deference of frequency of the signal and the driving power, which can be detected, can be increased to 8% of the driving power. The principle of the method is expatiated, and the result of the digital simulation test is put forward
II. DETECTION AND FREQUENCY CALCULATION OF THE INTERMITTENT CHAOS BASED ON TWO DUFFING OSCILLATOR DEFERENCE

A. The Principle Of Intermittent Chaos
The intermittent chaos is a particular kinetics form in which order and disorder arise by turns [6] . For Duffing oscillator, the intermittent chaos is caused by the periodical ebb and flow of the driving power. The state equation of Holmes mode Duffing oscillator is as follows:

In the equation above:
A(t)=γ d cos(t)+acos((1+Δω)· t+φ)=γ(t)cos(t+θ(t))
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
The γ d cos(t) is the driving power of the system (it also be called the reference signal); γ d is the amplitude of the driving power, its value is more or less then the critical value γ c ; a is the amplitude of the signal.
Form (2) equation, because of the Δω, the amplitude of the A(t) may change from γ d +a to γ d -a. The Duffing oscillator may sometimes go into periodic and sometimes go into chaos, which present an intermittent chaos, and its period is T=2π/Δω [7] .
If we detect the period of intermittent chaos, the Δω can be got, then the detection of frequency of the signal can be realized. For a is very little, the affection of θ(t) can be overlooked.
When ω is other value, it can be changed to ω=1 state by linear transformation, the property of the system is unchangeable, but only the phase velocity of the system becomes ω times of primary [3] . In the situation of using single oscillator, a clear intermittent chaos needs a condition that the |Δω/ω|<0.03 [7] .
B. The Characteristic Of Output Wave Of Two Chaos Oscillator Difference
When the Duffing oscillator is in the period motion, its x output can't change tempestuously when the driving power has a little change; but when the Duffing oscillator is in the chaos motion, its x output has randomicity, a little change of driving power may cause a great change of the state of the system. So, the difference of two Duffing oscillator which their reference signal amplitude have little difference can repress the periodic motion and give prominence to the chaos motion.
Based on the analysis above, we confirm two Duffing oscillator system which has oscillator A and oscillator B as follows:
Solute the equation (3) and (4) by using 4 ranks Runge-Kutta method, and then make difference of the x waves. When two oscillators come to periodic motion, their x waves' difference is not very distinct, so the x A -x B wave may be close to zero; when one or more oscillator come to chaos motion, the x A -x B wave may fluctuate tempestuously because of the randomicity of the chaos motion. The x A waves and x A -x B waves of the two oscillator system are shown in Fig .1 .
So the characteristic of output wave of two chaos oscillator difference is that the difference wave can repress the periodic motion and give prominence to the chaos motion.
When driving force of the oscillator A is set γ d =0.8259, oscillator A is in chaotic state, the driving force of oscillator B is 1.001·γ d =0.8267, so B is in periodic. The coupled oscillators' motion is shown in Fig .2 .
When driving force of the oscillator A is set γ d =0.8260, oscillator A is in chaotic state, the driving force of oscillator B is 1.001· γ d =0.8268, so B is in periodic. The coupled oscillators' motion is shown in Fig .3 . When driving force of the oscillator A is set γ d =0.8250, oscillator A is in chaotic state, the driving force of oscillator B is 1.001· γ d =0.8258, so B is also in chaotic. The coupled oscillators' motion is shown in Fig .4 . 
C. the Detection Of The Intermittent Chaos And Calculation Of Its periods
Intermittent chaos is mainly used to detect the frequency of the signal which has little difference with the driving power in frequency [8] . An intermittent chaos detection model based on equation (3) and (4) When |Δω/ω|>0.03, the intermittent chaos motion can't be shown clearly by x wave [8] [9] [10] .The reason is that in a single oscillator, the alternate change of periodic state and chaos state is high frequency, and the interim process between this two state affects the representation of x wave of single oscillator.
Not only the interim process but also the common modulus interference can also be repressed by using the two oscillator difference system, and the real chaos motion can stand out. The intermittent chaos can be shown clearly by using this new method, and it can breakthrough the limit that | Δω/ω|<0.03.
The x A -x B _waves when |Δω/ω|=0.08(γ d =0.826, a=0.04) is shown in Fig .7 . Seeing about Fig .6 and Fig .7 , the difference wave may be divided to seriate zero area and chaos draw area, correspond to the period motion and the chaos motion in the single oscillator. The chaos draw area reflects control of chaos by the Duffing oscillator, the intensity of the draw reflects the depth of the chaos, the polarity of the draw corresponds to the focus (±1, 0) of the oscillator.
The period of the intermittent chaos can be got by count of the seriate zero: note the start time of seriate zero as t 1 and the end time of seriate zero as t 2 , then note the interim time t 01 =(t 1 +t 2 )/2. Thus, note the next interim time t 02, and t 02 -t 01 is the period of the intermittent chaos.
When |Δω/ω|>0.05, the seriate zero area becomes narrow and fluctuant, then the threshold of detection may be drived up.
Coupled oscillators system can restrain the periodic part in phase space, but highlight the chaotic part. Intermittent chaos of the system can be regularly displayed more clearly, so as to be able to break the bottleneck of the Δω/ω <0.03 which in the single chaotic oscillator intermittent chaos detection. By using this method, the range of |Δω/ω| can be extended to 0~0.09.
III. DIGITAL SIMULATION TEST
The method identifying the intermittent chaos and calculating its period described in section 1 is verified by using the Matlab/Simulink software to simulate the system. The simulation model is shown in Fig .8 . Using the simulation model which is shown in Fig .8 , simulation experiments take ω= 1000 π, Δω/ω= 0.08, for the sake of convenience, takeφ=0, noise is Gauss white noise with mean is 0 and variance is 0.1. The intermittent chaotic waves in simulation test is as shown in Fig .9 which can still clearly show the intermittent chaos phenomenon. .5w, the simulation step h=0.0001s, simulation time t=100s; The to-be-detected signal is: s(t)=0.04sin (2πft)+n (t), where, n(t) is the Gaussian white noise with µ=0, and the target signal frequencies are 50.9, 45, 56, 46.8, 50, 54.5Hz, respectively By the simulation, the following results have been obtained:
(1) In the case of the signal frequency f=50.9 Hz, this method estimates that the system is in great periodic motion.
(2) In the case of the signal frequency f=45Hz or 56Hz, this method estimates that the system is in the chaotic motion.
(3) In the case of the signal frequency f=46.8, 50, 54.5Hz respectively, this method estimates that the systems are all in the intermittent chaotic motions.
By using this method, the frequencies of the to-be-detected signal are estimated as shown in Table I . 
IV. CONCLUSION
This paper presents a new method based on two oscillator difference to identify the intermittent chaos and calculate its period. From the simulation results, it can be seen that this method offers a simple calculation for detecting the frequency of the unknown signal by Duffing chaotic oscillator, and it can be easily realized. By using this method, the range of |Δω/ω| can be extended to 0~0.09, when |Δω/ω|>0.1,the signal may be regarded as noise by the Duffing oscillator, so the clear intermittent chaos can't be find. The capability of intermittent chaos motion of Duffing oscillator on signal detection is fully exert by using this new method.
